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Understanding de Sitter space in supergravity - and string theory - has lead to an intense amount
of work for more than two decades, largely motivated by the discovery of the accelerated expansion
of the universe in 1998. In this paper, we consider a non-trivial generalisation of unimodular
gravity to minimal N = 1 supergravity, which allows for de Sitter solutions without the need
of introducing any matter. We formulate a superspace version of the Stu¨ckelberg procedure,
which restores diffeomorphism and local supersymmetry invariance. This introduces the goldstino
associated to spontaneous breaking of supersymmetry in a natural way. The cosmological constant
and gravitino mass are related to the vacuum expectation value of the components of a Lagrange
multiplier imposing a super-unimodularity condition.
Dedicated to Mike Duff on the occasion of his 70th birthday.
I. INTRODUCTION
One of the most challenging problems in fundamental
physics today is the surprising discovery about twenty
years ago [1, 2], that the Universe’s expansion is cur-
rently accelerating. According to the “standard model”
of cosmology, the ΛCDM (Λ-Cold-Dark-Matter) model,
this acceleration is driven by a tiny constant energy den-
sity, Λ, whose finely tuned value is the subject of the
so-called cosmological constant problem [3–8]. Regard-
less of how this fine tuning is resolved, be it through an-
thropic arguments [9–11] or some other mechanism (see
e.g [12–17]), observational evidence seems to suggest that
our universe is asymptotically de Sitter (dS) with a tiny
vacuum energy. This has led to an intense theoretical
activity to construct dS vacua in string theory and su-
pergravity (see [18] for a recent review).
In the context of supergravity, a long-standing ques-
tion has been the possibility of finding dS solutions in
the pure N = 1 model (the simplest supergravity the-
ory). The difficulty is related to the absence of scalar
fields (which only appear in matter supermultiplets in
N = 1, see [19]). In string theory, the KKLT construc-
tion of de Sitter vacua proposed in 2003 [20] led to the so
called landscape (see [21] for a review). However, the con-
sistency of these solutions has recently been called into
question, so much so that stable de Sitter vacua are con-
jectured to be part of the string theory swampland (see
[18, 22, 23] for recent reviews and references). Given the
observational evidence in favour of a small and positive
vacuum energy, the proof or disproof of this conjecture is
of crucial importance. Although our immediate focus is
on supergravity, one of the long term motivations for our
work is to open up new ideas for seeking de Sitter vacua
in string theory.
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Returning to KKLT, one of its key ingredients is the
uplift from a supersymmetric AdS vacuum to a dS vac-
uum via the introduction of an anti-D3-brane. Recent
developments have made good progress in clarifying the
role of the anti-D3-brane in providing de Sitter vacua
with spontaneously broken supersymmetry in terms of
a 4D, N = 1 supersymmetric action [24–26]. It corre-
sponds to a globally supersymmetric Volkov-Akulov (VA)
Goldstino theory [27, 28] coupled to a supergravity back-
ground. The crucial ingredient in this approach is the
use of a nilpotent constrained superfield, which is a reg-
ular chiral superfield, X , that satisfies the constraint,
X2 = 0. This constraint eliminates the scalar component
of the chiral multiplet, which requires that supersymme-
try be non-linearly realised1. A complete local super-
gravity action with non-linearly realised supersymmetry
using constrained superfields was developed in [59–69].
These developments allowed for the construction of pure
N = 1 models which admit dS solutions. In particular,
the strategy of [60] was to introduce a (chiral) Lagrange
multiplier, Λ, in the superconformal theory. In the su-
perconformal action, supersymmetry is linearly realised
as long as the Lagrange multiplier is present. When the
equation of motion for Λ is solved, it leads to a constraint
on the chiral superfield2. For a review of constrained su-
perfields and applications, see [71].
In this paper, we take a very different approach, in-
spired by classical unimodular gravity [72–79]. Unimod-
ular gravity is a gauge fixed version of General Relativity,
in which the determinant of the metric is fixed to a con-
stant so that the resulting field equations correspond to
the traceless Einstein equations. The equivalence to Gen-
eral Relativity is easily demonstrated by taking the diver-
gence of these equations and making use of the Bianchi
1 Constrained superfields has proved important for building cos-
mological and phenomenological models in the framework of su-
pergravity and string theory, see e.g. [24, 29–58].
2 See [70] for generalisations.
2identity. This results in the standard Einstein equations
sourced by the energy momentum tensor and a cosmo-
logical constant. The only subtlety is that the cosmologi-
cal constant enters as an integration constant. Although
this doesn’t help with the cosmological constant prob-
lem [79], it does suggest a new way of thinking about
de Sitter solutions. In unimodular gravity, it turns out
that one can identify the cosmological constant, positive
or otherwise, with the vacuum expectation value (vev)
of a Lagrange multiplier imposing the constraint on the
determinant of the metric [75, 79]. In this paper, we ex-
plore a similar idea in the context of supergravity, fixing
the superdeterminant with a Lagrange multiplier, then
identifying a component of its vev with a cosmological
constant of arbitrary sign. As with unimodular gravity,
super-unimodular gravity can be written in a way that
respects an extended gauge symmetry - diffeomorphisms
and local supersymmetry - with the help of a Stu¨ckelberg
trick. This invariant theory admits de Sitter vacua with
supersymmetry spontaneously broken by the vev of the
Lagrange multiplier. As expected, the theory of fluctu-
ations about these solutions yields a massive gravitino
coupled to a goldstino on a de Sitter background (see
also [60]). The goldstino is trivially identified with a
Stu¨ckelberg field and, in the appropriate limit, we re-
cover the VA action.
The rest of this paper is organised as follows: in the
next section we review unimodular gravity, the role of
the cosmological constant and the Stu¨ckelberg procedure
for restoring the full set of diffeomorphisms. In section
III, we extend these ideas to supergravity, demonstrating
explicitly how one can obtain de Sitter vacua thanks to
the vev of the Lagrange multiplier. We further study the
theory of fluctuations about these vacua, showing how
we recover the theory of a massive gravitino coupled to a
goldstino. We conclude in section IV having transferred
some of the calculational details to the appendix.
II. UNIMODULAR GRAVITY
Unimodular gravity [72–79] is obtained from a re-
stricted variation of the Einstein-Hilbert action with mat-
ter, where the determinant of the metric is fixed to a
constant value, traditionally taken to be −1. Because
of this restriction, the theory is only invariant under
transverse diffeomorphisms rather than the full diffeo-
morphism group. The resulting field equations corre-
spond to the traceless part of Einstein equations:
Rµν − 1
4
Rgµν = 8πGN
(
Tµν − 1
4
Tgµν
)
, (1)
where GN is Newton’s constant. Because the vacuum
energy contributes to the energy-momentum tensor as a
pure trace, it appears as if it will drop out of the field
equations, thereby alleviating the cosmological constant
problem. However, as explained in [78, 79], this is not
the case. Unimodular gravity is locally equivalent to GR.
This follows trivially from the fact that the unimodular-
ity condition, fixing the determinant of the metric, corre-
sponds to a local gauge choice. One can see this explic-
itly by taking the divergence of (1) and then integrating
the resulting equation. This reveals a hidden equation
of the form R + 8πGNT = Λ, where the cosmological
constant, Λ, enters as an integration constant. Radiative
corrections to the vacuum energy are contained in the
trace of the energy-momentum tensor. As Λ is fixed by
the boundary conditions, the asymptotic curvature is as
sensitive to these radiative corrections as it is in GR.
Our interest in unimodular gravity has nothing to do
with its failed assault on the cosmological constant prob-
lem. Rather, it arises from the way in which the cosmo-
logical constant enters the game - as an integration con-
stant - which is qualitatively different to how it enters
in GR . We can unpack this a little further by imposing
the unimodularity condition,
√
g = ǫ0 with a Lagrange
multiplier in the Einstein-Hilbert action. The action for
unimodular gravity can be written as
S =
1
16πGN
∫
d4x
[√−gR− 2Λ(x) (√−g − ǫ0)]+Sm[gµν ,Ψ]
(2)
with ǫ0 being a constant (traditionally set to unity). Here
Λ(x) is a Lagrange multipler field, imposing a local con-
straint on the determinant of the metric. This version of
the Lagrangian is not invariant under the full diffeomor-
phism group (Diff) but only under a subgroup of transfor-
mations called transverse diffeomorphism (TDiff), whose
parameter satisfies ∇µξµ = 0. Since the Lagrange mul-
tiplier, Λ(x), transforms like a scalar, it is obvious that
Diffs are broken by the last term
∫
d4xΛǫ0. We shall as-
sume that the action for the matter fields, Sm[gµν ,Ψ] is
Diff-invariant.
Variation with respect to the metric yields an equation
of motion of the form,
Rµν − 1
2
Rgµν = −Λ(x)gµν + 8πGNTµν . (3)
If we eliminate Λ(x), we arrive at the traceless equations
given in (1). Alternatively we can take the divergence of
(3) and combine it with the Bianchi identity, forcing the
Lagrange multiplier to be a constant. Thus we recover
the equations of motion for General Relativity with the
constant vev of the Lagrange multiplier taking on the
role of the cosmological constant.
A. The Stu¨ckelberg Procedure
The unimodularity condition imposed through (2)
amounts to a local gauge choice, so we can restore the full
general coordinate invariance through the Stu¨ckelberg
procedure [80] of introducing an extra field, which trans-
forms appropriately. We can do this by performing a gen-
eral coordinate transformation (gct) xµ → xˆµ(x). The
original part of the Lagrangian is invariant under it, and
3on the Diff-breaking term we get
2
∫
d4xΛ(x)ǫ0 → 2
∫
d4xˆΛˆ(xˆ)ǫ0 = 2
∫
d4x|J |Λ(x)ǫ0 ,
(4)
where |J | = Det ( ∂xˆµ
∂xα
)
. To perform the Stu¨ckelberg trick,
we take this transformed action and promote the coordi-
nate transformation xˆµ(x) to four new fields sµ(x). The
new action
SSt =
1
16πGN
∫
d4x
[√−gR − 2Λ(√−g −Det( ∂s
∂x
)
ǫ0
)]
,
(5)
is now invariant under the full diffeomorphism group,
provided that the Stu¨ckelberg fields sµ(x) transform as
scalars:
sˆµ (xˆ(x)) = sµ(x). (6)
This particular representation of unimodular gravity can
be found in [76] and is also discussed in [79]. There
exists a closely related version of the theory where the
Stu¨ckelberg fields are repackaged in terms of a four-form
field strength [75]. With Diffs fully restored, the con-
stancy of the Lagrange multiplier arises directly from
the equations of motion associated with the Stu¨ckelberg
fields.
Finally, we note that the Stu¨ckelberg trick was per-
formed by acting with a finite transformation on the co-
ordinates. However, in what follows, it will prove instruc-
tive to see how to restore diffeomorphism invariance order
by order, by performing an infinitessimal transformation
either in the passive form:
xµ → xµ + ξµ + 12ξρ∂ρξµ + ... (7)
or in the active form, where we vary the scalar field Λ:
δΛ = −ξρ∂ρΛ + 12ξρ∂ρ (ξµ∂µΛ) + ... (8)
The perturbative form of the Stu¨ckelberg trick now in-
volves promoting the transformation parameters to fields:
ξµ → φµ. The Lagrangian can then be constructed order
by order in the Stu¨ckelberg field φµ
L =√−gR− 2Λ√−g
+ 2Λǫ0
[
1 + ∂µφ
µ + 12φ
ρ∂ρ∂µφ
µ + 12 (∂µφ
µ) (∂ρφ
ρ) + ...
]
,
(9)
and it will be invariant, up to the relevant order, when
φµ transforms as3:
δφµ = −ξµ − 12ξρ∂ρφµ + 12φρ∂ρξµ + ... (10)
3 Note that we are using ξ again to denote the transformation
parameter, after performing the Stu¨ckelberg trick.
III. UNIMODULAR SUPERGRAVITY
We now show how to extend the procedure we dis-
cussed in section IIA to the pure N = 1 supergravity
model, in the “old minimal” formulation. We will see
that this allows for solutions with a cosmological con-
stant of arbitrary sign. The goldstino field will be in-
cluded naturally through the Stu¨ckelberg procedure, and
the cosmological constant will appear as a vev in our de-
scription.
We work with the conventions of [19]. The pure su-
pergravity action in chiral superspace with coordinates
XM = (xµ,Θα), is given by
S = 68πGN
∫
d4xd2ΘER+ h.c. (11)
The components of R are given in appendix A and
E = F0 +
√
2ΘF1 + ΘΘF2, with
F0 = 12e ,
F1 = i
√
2
4 eσ
µψ¯µ ,
F2 = − 12eM∗ − 18eψ¯µ (σ¯µσν − σ¯νσµ) ψ¯ν ,
(12)
where e = det eaµ, with e
a
µ the vielbein, ψµ the gravitino
and M the scalar auxiliary field in the old minimal su-
pergravity model. Here E is a chiral density superfield,
characterised by the transformation law
δE = −∂N
[
(−1)N ηNE
]
, (13)
where
(−1)N =
{
1, N = µ
−1, N = α (14)
and
ηµ(ǫ) = Θβyµ1β(ǫ) + Θ
2yµ2 (ǫ) ,
ηα(ǫ) = ǫα +ΘβΓα1β(ǫ) + Θ
2Γα2 (ǫ) ,
(15)
where ǫ is the parameter of local SUSY transformations.
For conciseness, we introduced the following notation
yµ1α(ǫ) =2i (σ
µǫ¯)α ,
yµ2 (ǫ) =ψ¯ν σ¯
µσν ǫ¯ ,
Γα1β (ǫ) =− i (σµǫ¯)β ψαµ ,
Γα2 (ǫ) =− iωαβµ (σµǫ¯)β + 13M∗ǫα
− 12ψαν
(
ψ¯µσ¯
νσµǫ¯
)
+ 16bµ (εσ
µǫ¯)α ,
(16)
where ωαβµ is the spin connection and bµ is the vector
auxiliary field in the old minimal model. A chiral density
superfield can thus be thought of as the supersymmetric
analogue of the scalar density, and E in particular is the
supersymmetric version of the measure
√−g. We define
the unimodular supergravity action to be:
S = 68πGN
∫
d4xd2Θ [ER− 2Λ (E − E0)] + h.c. (17)
4where
Λ = Λ0 +
√
2ΘΛ1 + Λ2Θ
2 (18)
is now a lagrange multiplier chiral superfield, and we de-
fined4
E0 = ǫ0 − 12mΘ2 , (19)
with ǫ0 and m real constants
5. Varying over Λ, we get
E = E0, (20)
which is the SUSY analogue of the unimodularity condi-
tion. In components this condition reads:
1
2e =ǫ0 ,
i
√
2
4 eσ
µψ¯µ =0 ,
− 12eM∗ − 18eψ¯µ (σ¯µσν − σ¯νσµ) ψ¯ν = − 12m.
(21)
The action (17) is invariant under a restricted set of
SUSY and diffeo transformations, exactly such that they
preserve the conditions in (21):
0 = δE = −∂M
[
(−1)MΞME] TSdiff (22)
where
ΞM = (ξµ + ηµ(ǫ), ηα(ǫ)) (23)
contains both the diffeo and the SUSY parameter. Note
that the constraint imposed through (20) amounts to
more than a gauge fixing; in this sense, unimodular su-
pergravity is not a naive supersymmetrisation of the uni-
modular gravity model in section II. As a consequence,
even though the space of solutions of unimodular gravity
matches that of standard Einstein gravity with a cosmo-
logical constant, this will not be the case for our model,
in the sense that we will not be restricted to AdS and
flat space backgrounds.
Finally, we impose the following boundary conditions
on our Lagrange multiplier superfield:
Λ0
∣∣∣
∞
= K0 , Λ1
∣∣∣
∞
= 0 , Λ2
∣∣∣
∞
= K2 , (24)
with K0,K2 some constants.
A. The Super-Stu¨ckelberg procedure
The Stu¨ckelberg trick performed in section IIA can be
extended to any local transformation, and here we ex-
tend it to encompass both diffeomorphisms and local su-
4 We take the spinor component of E0 to vanish for simplicity.
5 An alternative formulation of unimodular supergravity, in com-
ponent form, was given in [81]. The model in [81] can be shown
to be equivalent to the m = 0 limit in our approach.
persymmetry transformations6. We now perform a trans-
formationXM → YM (X) to the superspace coordinates7
on the non-invariant term:∫
d4xd2Θ2Λ(X)E0 →∫
d4yd2Γ2Λ′(Y )E0 =
∫
d4xd2Θ2|sJ |Λ(X)E0 ,
(25)
where |sJ | = Ber
(
∂YM
∂XN
)
is the Berezinian8. Crucially,
unlike in the gravity case, YM will not be a general super-
function of XM , but will depend on the diffeomorphism
and SUSY parameters in a very particular way. Its con-
struction is given perturbatively below.
At linear order in the parameters, we have the usual
transformation
δ(1)XM = ΞM , (26)
with ΞM defined in (23) with the notation we introduced
in (16). At second order, we have
δ(2)XM = 12Ξ
R∂RΞ
M + 12δ
(s)
(
ΞM
)
, (27)
where the first term is the usual one at second order,
while the second one takes into account the fact that
the objects (16) appearing in the SUSY transformations
of the coordinates are not arbitrary functions, but de-
pend on the supergravity fields eµ, ψµ, bµ,M . The ex-
plicit form of these transformations is given in appendix
B. We can thus proceed, order by order in the transfor-
mation parameters, and write:
XM → XM + δ(1)XM + δ(2)XM + ... ≡ YM (X,Ξ),
(28)
Again, we promote the parameters to fields to get:
ξµ → φµ
ǫ→ ζ
}
⇒
ΞM = (ξµ + ηµ(ǫ), ηα(ǫ)) → ϕM = (φµ + ηµ(ζ), ηα(ζ))
YM (X,Ξ) → ΦM (X,ϕ)
(29)
At this point, we can construct the Lagrangian9:
S = 68πGN
∫
d4xd2Θ
[
ER− 2Λ
(
E − Ber
(
∂Φ
∂X
)
E0 (Φ)
)]
+h.c.
(30)
6 See [82, 83] for an alternative use of the Stu¨ckelberg trick in
supergravity; in this formulation the action is constructed from
invariant one-forms, reminiscent of the original Volkov-Akulov
construction [27]
7 We will often omit the spinor indices for simplicity.
8 The Berezinian, Ber, is the generalisation of the determinant to
supermatrices - see (32) for its definition.
9 Note that, unlike in the gravity case, the symmetry breaking
term E0 = ǫ0 −
1
2
mΘ2 depends on the superspace coordinates,
so it will be transformed when we perform the Stu¨ckelberg pro-
cedure.
5In analogy with section II A, we construct the superjaco-
bian matrix as:
sJ =
∂ΦM
∂XN
=
(
∂Φµ
∂Xν
∂Φα
∂Xν
∂Φµ
∂Xβ
∂Φα
∂Xβ
)
=
(
A B
C D
)
. (31)
We now need to compute the superdeterminant, i.e. the
Berezinian, defined by
S ≡ Ber (sJ) = Det (A−BD−1C)Det−1(D) . (32)
In components, the Berezinian superfield is given by
S = S0 +
√
2ΘS1 + S2Θ
2 , (33)
where
S0 =1 + ∂µφ
µ − Tr(Γ1(ζ)) + 12∂µ [φµ∂νφν − φµTr(Γ1(ζ))]
− 12Tr(Γ1(ζ))∂µφµ + 12φρ∂ρ
[
iψµσ
µ
]
ζ¯ + 13M
∗ζ2
+ 23Mζ¯
2 ,
√
2S1 =∂µy
µ
1 (ζ) + 2Γ2(ζ) +
1
2∂µ
[
φµ∂νy
ν
1 (ζ) + y
µ
1 (ζ)∂νφ
ν
+ 2φµΓ2(ζ)
]
+ Γ2(ζ)∂µφ
µ
− 12∂µ
(
φρ∂ρ
[
2iσµ
]
ζ¯ − ∂ρφµyρ1(ζ)
)
− φρ∂ρ
[
− iεωµσµ
]
ζ¯ − φρ∂ρM∗ 13ζ − 16φρ∂ρ
[
bµεσ
µ
]
ζ¯ ,
S2 =∂µy
µ
2 (ζ) +
1
2∂µ
[
φµ∂νy
ν
2 (ζ) + y
µ
2 (ζ)∂νφ
ν
− 12yµ1 (ζ)∂νyν1 (ζ) − 12yν1 (ζ)Dνyµ1 (ζ)
− φρ∂ρ
[
ψ¯ν σ¯
µσν
]
ζ¯ + ∂ρφ
µyρ2(ζ)− 4i3 M∗ζσµζ¯
− ibν ζ¯ σ¯µσν ζ¯ + ibν ζ¯σ¯νσµζ¯
]
.
(34)
The crucial point here is that S0, S1 and S2 transform like
the components of a standard chiral density superfield (as
given in (B6)), but the Stu¨ckelberg fields ζ and φµ trans-
form non-linearly. The power of the Stu¨ckelberg proce-
dure is that it automatically constructs S = Ber
(
∂ΦM
∂XN
)
in such a way that fields which transform non-linearly are
embedded in the components of a standard chiral super-
field.
Finally, the SUSY transformations of the Stu¨ckelberg
fields φµ and ζ are:
δφµ = 12 [ζy
µ
1 (ǫ)− ǫyµ1 (ζ)] ,
δζ = −ǫ+ 12φρ∂ρǫ .
(35)
Above we performed the Stu¨ckelberg trick in the pas-
sive form. Just as in the gravity case, the invariant action
can alternatively be obtained through an active transfor-
mation on the components of the Lagrange multiplier
superfield, Λ. In components, the symmetry breaking
terms following from (17) are:
2Λ2ǫ0 −mΛ0 + h.c. (36)
We want to perform the Super-Stu¨ckelberg trick up to
2nd order, so we need to know the 2nd order transfor-
mation of the component of a chiral superfield in curved
space. We can work this out from the general rule [84]:
Λ′(X ′) = Λ(X) , (37)
and making use of (27) we get (working up to second
order in the fermions):
δΛ0 =− ξµ∂µΛ0 −
√
2ǫΛ1
+ 12ξ
ρ∂ρ (ξ
µ∂µΛ0) +
1
2ǫy
µ
1 (ǫ)∂µΛ0
+
√
2
2 ξ
µ∂µ (ǫΛ1) +
√
2
2 ξ
µǫ∂µΛ1 + Λ2ǫ
2 ,
δΛ1 =− ξµ∂µΛ1 −
√
2
2 y
µ
1 (ǫ)∂µΛ0 −
√
2Λ2ǫ
+
√
2
4 ξ
ρ∂ρ (y
µ
1 (ǫ)∂µΛ0) +
√
2
4 y
ρ
1(ǫ)∂ρ (ξ
µ∂µΛ0)
+ 12ξ
ρ∂ρ (ξ
µ∂µΛ1) +
√
2
2 ξ
ρ∂ρ (ǫΛ2) +
√
2
2 ǫξ
µ∂µΛ2
+
[
i
√
2
2 ξ
ρ∂ρ[σ
µ]ǫ¯ −
√
2
4 ∂ρξ
µyρ1(ǫ)
]
∂µΛ0 ,
δΛ2 =− ξµ∂µΛ2 +
√
2
2 y
µ
1 (ǫ)∂µΛ1 − yµ2 (ǫ)∂µΛ0 − Tr(Γ1(ǫ))Λ2
−
√
2Γ2(ǫ)Λ1
+ 12ξ
ρ∂ρ
[
ξµ∂µΛ2 −
√
2
2 y
µ
1 (ǫ)∂µΛ1 + y
µ
2 (ǫ)∂µΛ0
+ Tr(Γ1(ǫ))Λ2 +
√
2Γ2(ǫ)Λ1
]
− 14yρ1(ǫ)∂ρ
[√
2ξµ∂µΛ1
+ yµ1 (ǫ)∂µΛ0 + 2ǫΛ2
]
+ 12y
ρ
2(ǫ)∂ρ [φ
µ∂µΛ0]
+ 12Tr(Γ1(ǫ)) [ξ
µ∂µΛ2] +
√
2
2 Γ2(ǫ)ξ
µ∂µΛ1
+
√
2
4
[
− ξρ∂ρ
[
2iσµ
]
ǫ¯+ ∂ρξ
µyρ1(ǫ)
]
∂µΛ1a
− 12
[
− 12yν1 (ǫ)Dνyµ1 (ǫ)
− ξρ∂ρ
[
ψ¯ν σ¯
µσν
]
ǫ¯+ ∂ρξ
µyρ2(ǫ)− 4i3 M∗ǫσµǫ¯
− ibν ǫ¯σ¯µσν ǫ¯+ ibν ǫ¯σ¯νσµǫ¯
]
∂µΛ0
+ 12
[
∂µǫy
µ
1 (ǫ) + ξ
ρ∂ρ
[
iψµσ
µ
]
ǫ¯
+ 23M
∗ǫ2 + 43Mǫ¯
2
]
Λ2
−
√
2
2
[
ξρ∂ρ
[
iωµσ
µ
]
ǫ¯− 13ξρ∂ρM∗ǫ
− 16ξρ∂ρ
[
bµεσ
µ
]
ǫ¯
]
Λ1 ,
(38)
and then send ξµ → φµ and ǫ → ζ as before. The
action can then be constructed pertubatively as:
L =√−g
[
R− 23M∗M + 23bµbµ + εµνρσ
(
ψ¯µσ¯νD˜ρψσ
− ψµσνD˜ρψ¯σ
)]
+ 12
√−g
[
− 2Λ2 +
√
2iΛ1σ
µψ¯µ
+ 2Λ0
(
ψ¯µσ¯
µν ψ¯ν +M
∗) + h.c.]
+ 2
[
Λ2 + δ
(ǫ→ζ,ξµ→φµ)Λ2
]
ǫ0
−m
[
Λ0 + δ
(ǫ→ζ,ξµ→φµ)Λ0
]
+ h.c.
(39)
6Finally, the full action, up to second order in the
Stu¨ckelberg fields, obtained either through a passive (30)
or an active (39) transformation is (setting ǫ0 =
1
2 ) is:
S = 116πGN
∫ [√−g[R− 23M∗M + 23bµbµ
+ εµνρσ
(
ψ¯µσ¯νD˜ρψσ − ψµσνD˜ρψ¯σ
)]
+ 12
√−g
[
− 2Λ2 +
√
2iΛ1σ
µψ¯µ
+ 2Λ0
(
ψ¯µσ¯
µν ψ¯ν +M
∗) + h.c.]
+
{[
Λ0 (∂µy
µ
2 (ζ)−m−m∂µφµ)
− Λ1
(√
2
2 ∂µy
µ
1 (ζ) +
√
2Γ2(ζ) −
√
2mζ
)
+ Λ2 [1 + ∂µφ
µ − Tr(Γ1(ζ))]
]
+ Λ2
[
1
2∂µ (φ
µ∂νφ
ν − φµTr(Γ1(ζ)))
− 12∂µφµTr(Γ1(ζ)) + 12∂µ (ζyµ1 (ζ))
+ 12φ
ρ∂ρ
[
iψµσ
µ
]
ζ¯ + 13M
∗ζ2 + 23Mζ¯
2
−mζ2
]
−
√
2
2 Λ1
[
1
2∂µ
(
φµ∂νy
ν
1 (ζ) + y
µ
1 (ζ)∂νφ
ν
+ 2φµΓ2(ζ)
)
+ Γ2(ζ)∂µφ
µ
− 12∂µ
(
φρ∂ρ
[
2iσµ
]
ζ¯ − ∂ρφµyρ1(ζ)
)
− φρ∂ρ
[
− iεωµ
(
σµ
]
ζ¯
)
− 13φρ∂ρM∗ζ − 16φρ∂ρ
[
bµεσ
µ
]
ζ¯
−mζ∂µφµ −m∂µ (ζφµ)
]
+ 12Λ0∂µ
[
φµ∂νy
ν
2 (ζ) + y
µ
2 (ζ)∂νφ
ν
− 12yµ1 (ζ)∂νyν1 (ζ)− 12yν1 (ζ)Dνyµ1 (ζ)
− φρ∂ρ
[
ψ¯ν σ¯
µσν
]
ζ¯ + ∂ρφ
µyρ2(ζ)
− 4i3 M∗ζσµ ζ¯ − ibν ζ¯ σ¯µσν ζ¯ + ibν ζ¯σ¯νσµζ¯
−mφµ∂ρφρ +mζyµ1 (ζ)
]
+ h.c.
}
.
(40)
Note that, upon application of the Stu¨ckelberg proce-
dure, the boundary conditions (24) are modified (to lin-
ear order in the Stu¨ckelberg field) as:
Λ0 − φµ∂µΛ0 −
√
2ζΛ1
∣∣∣
∞
=K0 ,
Λ1 − φµ∂µΛ1 −
√
2ζΛ2 +
√
2
2 y
µ
1 (ζ)∂µΛ0
∣∣∣
∞
=0 ,[
Λ2 − φµ∂µΛ2 −
√
2
2 y
µ
1 (ζ)∂µΛ1 −
√
2Γ2(ζ)Λ1
−Tr(Γ1(ζ))Λ2 − yµ2 (ζ)∂µΛ0
]∣∣∣
∞
=K2 .
(41)
One can recover the boundary conditions up to second
order in the Stu¨ckelberg field by making use of (38).
B. dS solutions
Let us now look at the possible solutions to the equa-
tions of motion derived from (40) for the bosonic fields,
gµν , M∗, bµ, φµ, Λ0 and Λ2, which are10:
Gµν + gµν
[
1
3MM
∗ + 23 b
ρbρ +Re(Λ2 − Λ0M∗)
]
+bµbν = 0 ,
− 23M + Λ0 = 0 ,
bµ = 0 ,
−∂µΛ2 +m∂µΛ0 − 12∂νφν∂µΛ2 + 12∂µ (φν∂νΛ2)
+m2 ∂νφ
ν∂µΛ0 − m2 ∂µ (φν∂νΛ0) + h.c. = 0 ,√−gM∗ −m−m∂µφµ − m2 ∂µ [φµ∂νφν ] = 0 ,
−√−g + 1 + ∂µφµ + 12∂µ (φµ∂νφν) = 0 .
(42)
These admit the solution
gµν = g¯µν , with
√−g¯ = 1 ,
M = m,
Λ0 =
2
3m,
Λ2 = Λ2, with Im(Λ2) = 0 ,
(43)
with all other fields vanishing on the background. The
cosmological constant is
c.c. = Λ2 − 13m2 . (44)
Thus, our model allows for a cosmological constant of
either sign, similar to the results in the constrained su-
perfields literature [59–68]. However, we stress that in
our approach, the cosmological constant appears as the
combination of the vev’s of the Lagrange multiplier su-
perfield components Λ0 and Λ2.
C. Perturbative Treatment and Gravitino Mass
We now perform a pertubative expansion around the
background solution (43), in order to study the mass of
10 We omit the fermion terms and equations of motion because we
are seeking a background solution with vanishing fermions.
7the gravitino:
gµν = gµν + hµν ,√−g = 1 + 12h+ 14
(
1
2h
2 − hµνhµν
)
,
ψmµ = 0 + ψ
m
µ ,
bµ = 0 + bµ ,
M = m+M ,
Λ0 =
2
3m+ λ0 ,
Λ1 = 0 + λ1 ,
Λ2 = Λ2 + λ2, Im(Λ2) = 0 ,
φµ = 0 + tµ ,
ζ = 0 + ζ .
(45)
Working to second order in the small perturbations, the
action becomes:
S = 116πGN
∫
d4x
[
2Λ2 − 23m2 + 14∇¯µhρλ∇¯µhρλ
− 12∇¯µhρλ∇¯ρhµλ + 12∇¯µhµν∇¯νh
− 14∇¯µh∇¯µh− 23M∗M + 23bµbµ
+ 12
(
Λ2 − 13m2
) (
hµνhµν − 12h2
)
+ εµνρσ
(
ψ¯µσ¯νDρψσ − ψµσνDρψ¯σ
)
− 23m2 + 23mψ¯µσ¯µν ψ¯ν + 23mψµσµνψν
+
{
Λ2 −Λ2Tr(Γ1(ζ)) − λa1
(√
2
2 ∂µy
µ
a1(ζ)
+
√
2
(
Γa2(ζ) +
1
3mζa
)
−
√
2mζa
)
+
√
2
2 iλ1σ
µψ¯µ + λ2
(
∂µt
µ − 12h
)
+ λ0
(
M∗ −m (∂µtµ − 12h))+ h.c.}] ,
(46)
where Dµ is the covariant derivative on the background.
The linearised local supersymmetry transformations are:
δψµ = −2Dµǫ+ i3m (εσµǫ¯) ,
δ(2)ζ = −ǫ ,
δλ = −
√
2ǫΛ2 ,
δhµν = δM = δbµ = δt
µ = δλ0 = δλ2 = 0 ,
(47)
whereDµǫ is defined in (B2) and the boundary conditions
on the Lagrange multiplier superfield reduce to:
λ0
∣∣∣
∞
= 0,
(
λ1 −
√
2Λ2ζ
) ∣∣∣
∞
= 0, λ2 = 0
∣∣∣
∞
. (48)
In order to study the gravitino mass we will need the
equations of motion for the fermion fields in our theory.
The gravitino e.o.m. is
εµνρσ σ¯νDρψσ +
2
3mσ¯
µν ψ¯ν − i
√
2
4 σ¯
µλ1 − iΛ22 σ¯µζ = jµ ,
(49)
where the source j¯µ accounts for the contributions from
higher order terms in the perturbative expansions. Note
that the local symmetry of the gravitino (47) implies the
source conservation condition
2Dµj¯µ + i3mσ¯µjµ = 0 . (50)
The equations for λ1 and ζ, respectively give:
iσ¯µψµ = 2i /¯Dζ − 43mζ¯ ,
iσ¯µψµ =
√
2
Λ2
(
i /¯Dλ1 − 23mλ¯1
)
.
(51)
Taking the trace and the divergence of the gravitino equa-
tion, in conjunction with (51) and (50) we obtain
iσ¯µψµ = i /¯D
(
ζ +
√
2
2Λ2
λ1
)
− 23m
(
ζ +
√
2
2Λ2
λ1
)
,
− i4mσµψ¯µ + σµνDµψν = Λ22
(
ζ +
√
2
2Λ2
λ1
)
+ i4σ
µj¯µ .
(52)
Thus the effective goldstino at linear level is identified as
the combination
G ≡ 12
(
ζ +
√
2
2Λ2
λ1
)
(53)
We note that the orthogonal mode to G
τ ≡ 12
(
ζ −
√
2
2Λ2
λ1
)
(54)
satisfies the equation
i /¯Dτ − 23mτ¯ = 0 , (55)
and is thus eliminated via the boundary conditions (48).
This is analogous the the elimination of the extra mode
for the Weyl-Rarita Schwinger field in [85]. Finally, this
allows us to recover the standard equations for a massive
gravitino coupled to a goldstino. The e.o.m. in our model
are then equivalent to those arising from the perturbative
action
L =εµνρσψ¯µσ¯νDρψσ + 23mψ¯µσ¯µν ψ¯ν
+ 2iΛ2Gσµψ¯µ − 2iΛ2G /DG¯ + 43mΛ2G2 + h.c.
(56)
In the flat limit, and taking m → 0 we recover the ki-
netic term of the Volkov-Akulov action for the goldstino,
as expected (since we are working here in the linearised
approximation). We further note that supersymmetry is
broken by the vev of Λ2. In the limit where it goes to
zero, supersymmetry is restored, as evidenced by the fact
that the goldstino drops out of (56). Of course, in this
supersymmetric limit the backgrounds will be AdS, as
revealed by equation (44).
IV. CONCLUSIONS
In this paper, we developed a superspace version of
unimodular gravity, where the chiral density superfield is
constrained. This is similar to the way in which the deter-
minant of the metric is constrained in standard unimodu-
lar gravity, although it differs in that the constraint does
8not quite correspond to a local gauge fixing. In any event,
the constraint is most elegantly imposed using a super-
space Lagrange multiplier in the form of a chiral super-
field. By restoring general coordinate invaraince and lo-
cal supersymmetry order by order using the Stu¨ckelberg
trick, we have shown how the vev of the Lagrange multi-
plier can contribute a positive vacuum energy and allow
for de Sitter vacua. More precisely, it is its top com-
ponent that contributes to the vacuum energy, whilst at
the same time spontaneously breaking supersymmetry.
Fluctuations about these vacua yield a massive gravitino
coupled to a goldstino. The latter can be identified with
a Stu¨ckelberg field introduced in the usual way to restore
local supersymmetry.
At first glance, our work differs from previous formu-
lations of pure de Sitter supergravity which make use of
a nilpotency constraint on a chiral superfield [60]. There
the nilpotency constraint is imposed directly using a La-
grange multiplier, motivated by the fact that the gold-
stino is expected to form part of a nilpotent superfield
[86]. The same ought to be true of the goldstino that
emerges in our formulation, although it is not immedi-
ately obvious how this is actually realised. We think a
better understanding of the connection between the two
formulations could enhance our understanding of both,
perhaps leading to a unified description.
Our work can be extended in several other directions.
The first of these is to develop a supersymmetric version
of unimodular gravity in the Henneaux Teitelboim formu-
lation [75]. This makes use of four-form field strengths
rather than Jacobians of Stu¨ckelberg fields, although the
two representations are closely related. A supersymmet-
ric version of [75] could open up a natural path towards
string theory realisation of our work, since four-forms are
ubiquitous in flux compactifications [87]. A second moti-
vation is to extend our ideas to a supersymmetric version
of the sequestering proposal [12–17, 88–91] for tackling
the cosmological constant problem, again with a view to-
wards a stringy embedding.
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Appendix A: Conventions and useful quantities
We are using the conventions of [19]. We work with
the mostly plus signature metric ηµν = diag(−1, 1, 1, 1)
and
ε21 = ε
12 = 1, ε12 = ε
21 = −1, ε11 = ε22 = 0 . (A1)
The Pauli matrices are
σ0 =
(−1 0
0 −1
)
, σ1 =
(
0 1
1 0
)
, σ2 =
(
0 −i
i 0
)
, σ3 =
(
1 0
0 −1
)
(A2)
and
σ¯0 = σ0, σ¯1 = −σ1,2,3 . (A3)
The chiral Supergravity superfield in component form is:
R =− 16
{
M +Θ
[
σµσ¯νψµν − iσµψ¯µM + iψµbµ
]
+Θ2
[
− 12R+ iψ¯µσ¯νψµν + 23MM∗ + 13bµbµ
− ieµaDµba + 12 ψ¯ψ¯M − 12ψµσµψ¯νbν
+ 18ε
µνρσ
[
ψ¯µσ¯νψρσ + ψµσν ψ¯ρσ
] ]}
,
(A4)
with
ψµν = 2D˜[µψν], D˜µψν = ∂µψν + ψνωµ . (A5)
Appendix B: Supergravity Transformations
The susy transformations of the supergravity fields (up
to linear order in ǫ) are
δeaµ =i
(
ψµσ
a ǫ¯− ǫσaψ¯µ
)
,
δψmµ =− 2Dµǫm + i3M (εσµǫ¯)m + ibµǫm + i3bρ (ǫσρσ¯µ)m ,
δM =− ǫ (σασ¯βψαβ + ibαψα − iσαψ¯αM) ,
δbαα˙ =ǫF(ψ;M, b)
=ǫδ
[
3
4 ψ¯
γ˙
α δγ˙α˙ +
1
4ǫδαψ¯
γγ˙
γα˙γ˙ − i2M∗ψαα˙δ
+ i4
(
ψ¯ ρ˙αρ˙ bδα˙ + ψ¯
ρ˙
δρ˙ bαα˙ − ψ¯ ρ˙δ α˙bαρ˙
)]
− ǫ¯
[
3
4ψ
γ
δ˙γα˙α
+ 14εδ˙α˙ψ
γ˙γ
α γ˙γ +
i
2Mψ¯αα˙δ˙
− i4
(
ψ ρρα˙ bαδ˙ + ψ
ρ
ρδ˙
bαα˙ − ψρ
δ˙α
bρα˙
)]
,
(B1)
where space-time indices have been converted to spinor
indices through contraction with the Pauli matrices (A2)
and:
Dµǫm = ∂µǫm + ǫbω mµb . (B2)
9Working to second order in the fermions, the supergravity
transformations of the quantities defined in (16) are then:
δ(s)[yµ1 (ǫ)] =− ξρ∂ρ
[
2iσµ
]
ǫ¯+ ∂ρξ
µyρ1(ǫ) ,
δ(s)[yµ2 (ǫ)] =− 12yν1 (ǫ)Dνyµ1 (ǫ) + Γ2(ǫ)yµ1 (ǫ)
− ξρ∂ρ
[
ψ¯ν σ¯
µσν
]
ǫ¯+ ∂ρξ
µyρ2(ǫ)− 4i3 M∗ǫσµǫ¯
− ibν ǫ¯σ¯µσν ǫ¯+ ibν ǫ¯σ¯νσµǫ¯ ,
δ(s)[Tr(Γ1(ǫ))] =− ∂µǫyµ1 (ǫ) + 2ǫΓ2(ǫ)− ξρ∂ρ
[
iψµσ
µ
]
ǫ¯
− 23M∗ǫ2 − 43Mǫ¯2 ,
δ(s)[Γ2(ǫ)] =− ξρ∂ρ
[
− iωµσµ
]
ǫ¯− ξρ∂ρM∗ 13ǫ
− 16ξρ∂ρ
[
bµεσ
µ
]
ǫ¯ .
(B3)
A chiral density superfield ∆ is defined by its transfor-
mation law
δ∆ = −∂N [(−1)NηN ] , (B4)
with ηµ, ηα defined in (15). In components
∆ = a+
√
2Θρ+Θ2f , (B5)
and then the transformation rules of the components will
be
δa =−
√
2ǫρ+ iaψµσ
µǫ¯ ,
δρ =−√2ǫf − i√2Dµ (σµǫ¯a) + iψµσµǫ¯ρ
+ i (σµǫ¯)ψµρ−
√
2
3 ǫM
∗a
−
√
2
6 aσ
µǫ¯bµ +
√
2
2 ψνψ¯µσ¯
νσµǫ¯a ,
δf =∂µ
[
−aψ¯ν σ¯µσν ǫ¯+ i
√
2ρσµǫ¯
]
.
(B6)
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